In this paper we show how it is possible to measure the Planck length through a series of different methods. One of these measurements is totally independent of big G, but moving from the theoretical realm to the empirical realm would require particle accelerators far more powerful than the ones that we have today. However, a Cavendish-style experiment can also be performed to find the Planck length with no knowledge of the value of big G. Furthermore, the Cavendish style set-up gives half of the relative measurement error in the Planck length compared to the measurement error in big G.
Introduction and Challenge
The Planck length was first introduced by Max Planck in 1906, see (Planck, 1906) , and is given as 
This shows the Planck length as a function of Newton's (1686) big G, the reduced Planck constant, and the speed of light. Haug (2016a Haug ( , 2016b Haug ( , 2016c has recently suggested that big G is a universal composite constant that can be written in the form
Using this formula for big G simplifies and quantifies a long series of equations in Newton's and Einstein's conception of gravity. It has recently come to our attention that (McCulloch, 2014) has derived a similar formula for big G based on Heisenberg's uncertainty principle (Heisenberg, 1927) 
Formula (4) can naturally be found by simply rewriting the Planck length formula (1) with respect to big G. However, (Haug, 2016b) has also derived this formula from dimensional analysis as well as from Heisenberg's uncertainty principle, using his newly-introduced maximum velocity formula for matter . McCulloch has derived his formula from Heisenberg's uncertainty principle as well, but relies on a very different method. The argument in favor of writing big G in this way is grounded in the fact that it helps us quantize and simplify a long series of formulas from Einstein's and Newton's gravitational theories without changing their values.
Both of these proposed formulas (Haug and McCulloch) for big G may be criticized for appearing to lead to circular arguments that have no solution, at least at first glance. Until recently, the Planck length has only been known to be found by using big G. From this perspective, the Planck length seems to be a derived constant from the more fundamental constant, big G. Therefore, it may not seem sound to claim that big G can be a function of the Planck length. Here we will challenge this view by pointing out several ways of finding the Planck length independently of knowing big G. Haug (2016d Haug ( , 2016e, 2016f, 2017 has suggested that there may be a maximum velocity for matter just below the speed of light given by
The Planck Length Totally Independent of Big G
This formula can be derived by assuming that the reduced Compton wavelength can never be shorter than the Planck length, or that the maximum frequency we can observe on relativistic Doppler shift is the Planck frequency. The formula has also been derived from the recent progress in mathematical atomism. Haug (2014) has shown that all of Einstein's special relativity mathematical end results can be derived from atomism when using EinsteinPoincarè synchronized clocks. He assumes that the diameter of the smallest possible fundamental particle is the Planck length and that this particle makes up all energy and matter; this must not be confused with the standard view of particles.
Assuming that this is the maximum velocity of anything with rest-mass also seems to solve a series of infinity challenges in modern physics. It gives a limit on the maximum kinetic energy for a subatomic particle, as well as a maximum on the momentum and on the proper velocity for anything with rest-mass. Haug has further shown that the absence of such a speed limit leads to absurd possibilities, such as a single electron with a relativistic mass equal to that of the Sun, or even an entire galaxy. If a single electron like this ever hit the Earth, the Earth would be pulverized. Clearly, this has not happened in the billions of years the Earth has existed and indicates that there must be an exact upper boundary on the velocity on the electron that falls below the speed of light.
The maximum velocity formula given by Haug can be solved with respect to the Planck length. 
The reduced Compton wavelength of an electron can also be found independently of big G, see (Prasannakumar, Krishnaveni, & Umesh, 2012) . vmax had to be observed experimentally to find the Planck length.
Calculations show that this maximum velocity for any known observed subatomic particle (such as an electron) is just below the speed of light, but far above the rate that has been attained for particle acceleration in the Large Hadron Collider (LHC), for example. In other words, this new way of observing the Planck length is only a theory at this time. However, if we assume that this represents the maximum velocity of anything containing matter, then we will find that a series of infinity's challenges in physics will disappear, see (Haug, 2016f) .
Furthermore, recent developments in mathematical atomism strongly strengthen our suspicion that the Planck length is one of the most fundamental constants. All of Einstein's special relativity equations and a series of additional equations have been derived simply by assuming that everything consists of indivisible particles always traveling at the speed of light in the void (empty space). First, when linking the diameter of this particle with the Planck length we are able to get the mass of the electron consistent with the reduced Compton wavelength of the electron under a theory derived from atomism. Atomism is also one of several ways to calculate the maximum velocity of anything with rest-mass.
Planck Length from a Cavendish-Style Set-Up
We can easily set up a Cavendish-style (Cavendish, 1798) experiment (even with a low budget) and find the Planck length without direct knowledge of big G. Further, we need no knowledge of the mass of the Earth or any other cosmological objects. The Cavendish experiments consist of first finding the weight of four balls, two small ones and two large ones. These balls can consist of any element, but here we will use an example of lead balls. The mass of these balls can be found by taking a weight at the surface of the Earth, or one could use the Watt Balance, see (Stock, 2011) , for example. The two small lead balls are placed at a distance of L apart on a rod that we will hang on a wire. We leave the two heavier lead balls in a stationary position next to each of the smaller lead balls. For a full understanding of the set-up, we recommend reading about the Cavendish experiment; see Cavendish 1798, for the original description; many other sources are available in books and online.
We will call the distance between centers of the large and small balls (when the balance is deflected) r. 
where θ is the angle in radians of deflection of the torsion balance beam from its rest position. (See Appendix A for a full derivation of this formula when not relying on big G at all). This is basically the same experiment that Cavendish performed. Cavendish did not actually calculate big G, but used his experiment to find the density of the Earth and thereby determine the weight of the Earth. One could imagine that the Planck constant and the speed of light had been measured and were well-known before anyone had figured out the value of big G.
In such a case, one could come up with the gravitational formula
without knowing big G and the unknown we would be searching for would be the Planck length and not big G. Before the development of Newton's theory of gravitation, if one assumed that gravity had to travel with the speed of light then it would be natural to think that one needed to include the speed of light somehow in the formula for gravity. Now, in our view, the speed of light is embedded even within Newton's formula inside big G.
We can actually measure the Planck length from the kitchen table using a small size Cavendish-style set-up, likely with less than a 5% error. One can build such an apparatus for a few dollars in materials, or one can buy a readyto-use commercial ``home-kit" for a few thousand dollars. A small-size armature Cavendish-style set-up can measure big G to an accuracy of ±10% or better (depending on the apparatus), and the Planck length to an accuracy that is twice as good at that.
The Error in the Newton Gravitational Constant Is Twice the Measurement Error in the Planck Length
To measure the gravitational constant and the Planck length is, in many ways, two sides of the same coin, particularly under the view that Newton's gravitational constant is a composite constant that is a function of the Planck length. When using any form of gravitational measurement to find the Planck length, we will see that it looks like the measurement error in Newton's gravitational constant should be about twice the error of the measurement in the Planck length.
The partial derivative of big G with respect to the Planck length is given by
In terms of percentage sensitivity in G with respect to the percentage error in the Planck length, we must have 
That is for a 1% error in the measurement in the Planck length, we get about a 2% error in the measurement of the gravitational constant. Further, we can partially derive the Planck formula for the Planck length with respect to big G, and we get . This is negligible compared to the known relative standard error in the Planck length.
We can also indirectly see from the CODATA 2014 reported standard errors that the measurement error (as measured in percentage of the constant) is twice as large for Newton's gravitational constant as it is for the Planck length. For big G, the CODATA reports a standard error of 0.000 31 × 10 . It is no coincidence that the relative standard error in the Planck length is basically half of the standard error for the gravitational constant; it comes from the relationship between them.
The Planck Length from Orbital Velocity
We can also find the Planck length from orbital velocity. The orbital velocity is given by We can find the Planck length from knowing the orbital velocity of a satellite. This again would require knowledge of the mass of the Earth (or the mass we are measuring orbital velocity around). We could easily find the mass of the Earth by performing the Cavendish experiment and finding the Planck length before calculating big G based on the Planck length, the Planck constant, and the speed of light.
Assume a human-made satellite is orbiting the Earth at an altitude of 600 km and at a measured orbital velocity of 7561.36 m/s. Since the radius of the Earth is about 6,371 km, this gives a radius of the satellite (relative to the center of the mass it is orbiting) of 6,971,000 meters. The mass of the Earth is 5.972x10 
Again one can argue that we need to know big G to know the mass of the Earth and that we are entering in a circular argument. However, the bottom line here is that we can find the Planck length, the Planck constant, and the speed of light independent of any knowledge of big G. Further, the mass of fundamental particles can be found simply by knowing their reduced Compton wavelength, which can be found by Compton scattering.
The Planck Length from the Gravitational Acceleration Field
We can also find the Planck length from the gravitational acceleration field. ( 1 6 ) where δis the observed bending of light in arcseconds, r is the radius from the center of the mass bending on the light to the point at which the light passes the object, M is the mass of the object, c is the speed of light, and is the reduced Planck constant.
To give an example: for the Sun, the observed light bending is 1.75 arcseconds or 1.75/3600 of a degree. The radius of the sun is 696,342,000 meters and the mass of the Sun is M S ≈1.98810 30 kg. We can plug this into the formula above and obtain 
The Planck Length from Gravitational Red-Shift
Gravitational deflection is hard to measure very accurately. The technology used to measure gravitational red-shift is (likely) much more accurate. This involves gravitational time dilation that can be measured with very accurate optical clocks today. In a weak gravitational field (like we have on the Earth and that also exists on the surface of the Sun) we have
Conclusion
We have shown how the Planck length can be found through a number of methods including a Cavendish-style experiment, the orbital velocity, the gravitational acceleration field, the gravitational red-shift, and the gravitational deflection. To do this we need to know the mass of the object, the reduced Planck constant, the speed of light, and the radius related to the measurements. We have also shown that one can find the Planck length from the newlyintroduced maximum velocity of something with rest-mass.
The notation in Newton's gravitational constant offers a hint that it is a universal composite constant rather than a fundamental constant. It makes sense when we have meters and time, that the Planck length is the shortest length unit that can ever be measured. The speed of light is the fastest rate at which something can travel and it consists of distance divided by time. The Newton gravitational constant is in the form m -it seems unlikely that anything at the very deepest level should be meters cubed divided by kg and seconds squared.
The gravitational constant is a composite (derived) constant, while the Planck length represents something physical; it is the shortest reduced Compton wavelength possible. According to recent developments in mathematical atomism, there are also strong indications that the Planck length is the diameter of the only truly fundamental particle, namely an indivisible particle that together with void is making up all matter and energy, see (Haug, 2014 . 2 ) where L is the length between the two small balls in the apparatus and F is the gravitational force given by the Newton formula, but also by the alternative gravitational constant-less formula, see (Haug, 2017b) One could easily imagine that someone had suggested the last part of formula (23) as a formula for gravity instead of the Newtonian version with a gravitational constant. In the last part of formula (23), however, we have what would be the unknown Planck length and the Planck mass; could we find them without any reliance on big G?
From equation (22) and (23) 
